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A B S T R A C T

Objectives. This study investigated
the association between physician rec-
ommendation for mammography and
race/ethnicity, socioeconomic status, and
other characteristics in a rural population.

Methods. In 1993 through 1994, we
surveyed 1933 Black women and White
women 52 years and older in 10 rural
counties.

Results. Fifty-three percent of the
women reported a physician recom-
mendation in the past year. White women
reported recommendations significantly
more often than did Black women (55%
vs 45%; odds ratio=1.49). Controlling
for educational attainment and income
eliminated the apparent racial/ethnic dif-
ference. After control for 5 personal, 4
health, and 3 access characteristics, rec-
ommendation for mammography was
found to be more frequent among
women who had access to the health care
system (i.e., had a regular physician and
health insurance). Recommendation was
less frequent among women who were
vulnerable (i.e., were older, had lower
educational attainment, had lower annual
family income).

Conclusions. Socioeconomic sta-
tus, age, and other characteristics—but
not race/ethnicity—were related to re-
ports of a physician recommendation, a
precursor strongly associated with mam-
mography use. Efforts to increase physi-
cian recommendation should include
complementary efforts to help women
address socioeconomic and other barri-
ers to mammography use. (Am J Public
Health. 2001;91:49–54)
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Black women have higher rates of breast
cancer mortality than do White women.1 Later
stage at diagnosis accounts for a proportion of
the increased breast cancer mortality among
Black women, and lower mammography use
among older Black women helps explain some
of the racial/ethnic difference in stage at diag-
nosis.2,3 In studies that used Medicare data,
older Black women less often used mammog-
raphy, even after adjustment for age, income,
and number of primary care visits.4,5

Physician recommendation to obtain
mammography, which has been consistently
and strongly associated with women’s use of
mammography,6–9 could account for some of
the racial/ethnic difference in mammography
use. Only 50% to 80% of women 50 years and
older reported physician recommendation for
mammography in the past year, and it is un-
clear why some women receive a recommen-
dation and others do not.9–16 Physicians have
identified cost to the patient as a major reason
that they do not recommend mammography,
and doctors may not recommend mammogra-
phy to women who they think cannot afford it
or will not comply.14,17–21

Although many investigators have exam-
ined factors related to mammography use,
fewer have investigated factors associated with
physician recommendation to obtain mam-
mography. In this study, we used self-reported
data from the North Carolina Breast Cancer
Screening Program to investigate the associa-
tion between physician recommendation and
women’s race/ethnicity, socioeconomic status
(SES), and other characteristics in a diverse,
mostly rural population.

Methods

Setting

Funded by the National Cancer Institute
through the University of North Carolina Spe-
cialized Program of Research Excellence in

Breast Cancer, the North Carolina Breast Can-
cer Screening Program is an 8-year controlled
trial to increase mammography use among
Black women 50 years and older. The trial is
being done in 10 eastern North Carolina coun-
ties with a 1990 total population of 280659.
In these counties, 67% of the adults live in rural
areas or small towns, 37% are minorities, and
12% are below the poverty line.

Data and Data Collection

Data for this study came from the 1993 to
1994 baseline survey of 2000 women 50 years
and older, which included 2 cohorts of Black
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TABLE 1—Study Sample Characteristics: North Carolina Breast Cancer
Screening Program, 1993–1994

By Race/Ethnicitya

All Women, %a Black, % White, %

Personal
Age, y

52–64 46 48 45
65–74 32 29 34
≥75 22 23 21

Married** 53 37 60
Educational attainment**

Grades 1–8 21 35 15
Grades 9–11 23 33 18
≥High school 56 32 67

Annual family income ≥$12000** 52 26 65

Health
Personal history of breast problems** 20 8 26
Family history of breast cancer* 10 8 11
≥1 Medication taken regularly 83 81 83
Ever requested a mammogram** 15 10 17

Access
Has a regular physician*

Regular physician, obstetrician-gynecologist 4 3 9
Regular physician, not obstetrician-gynecologist 87 87 86
No regular physician 9 10 5

Has health insurance** 91 83 95
No. of medical visits in the past year**

≥4 66 59 69
1–3 28 34 26
0 6 7 5

aWeighted by race/ethnicity, county, and age. Weighted “N” for all women ranged between
1920 and 1938. For Black women, weighted “n” ranged between 619 and 628; for White
women, weighted “n” ranged between 1301 and 1310.

*P≤ .05; **P≤ .001.

women (500 from 5 intervention counties, 500
from 5 comparison counties) and 2 analogous
cohorts of White women (500 intervention,
500 comparison). Within a cohort, each county
was represented proportionally.

Cohort selection occurred in 2 stages.
First, based on 1990 US census data, we used
a systematic random sample to select census
tract blocks in each county. Interviewers then
canvassed door-to-door to identify households
that included 1 or more women 50 years and
older without breast cancer. Overall, staff can-
vassed 520 census tract blocks and identified
more than 3100 potentially eligible households.
In approximately 10% of these households,
women refused to participate or could not be
contacted.

Second, within each county, we randomly
selected households. If a household contained
more than 1 eligible woman, 1 was randomly
selected. Interviewers attempted to approach
2441 women, including 145 women who were
ineligible because they were too ill to partici-
pate, had moved, had died, or had developed
breast cancer. For the remaining 2296 women,
interviewers completed 2000 interviews (in-
terview response rate=87%). Response rates
did not differ by county. Participants and non-
participants did not differ by race/ethnicity or
other demographic characteristics. For this
study, we limited analyses to 1933 women 52
years and older to ensure opportunity for com-
pliance with expert recommendations that
women 50 years and older receive mammog-
raphy screening every 1 to 2 years.

Trained interviewers visited women in
their homes to administer a 45-minute ques-
tionnaire. Because women were more likely to
respond to their peers, the 58 female inter-
viewers were community members, and all but
2 of them were of the same race/ethnicity and
approximate age as the women interviewed.

Physician Recommendation,
Mammography Use, and Women’s
Characteristics

The primary outcome was women’s self-
report of a physician recommendation for
mammography in the past year. Interviewers
asked women whether a health care provider
(nurse or doctor) had reminded them to get a
mammogram or breast x-ray during the past
year. Because fewer than 1% of the women re-
ported nurses as their primary provider, we
considered all provider recommendations to
be physician recommendations. Interviewers
also asked women whether they had had a
mammogram in the past 2 years. Women who
had not heard of mammography (which we de-
fined as an x-ray of the breast taken by a ma-
chine that presses against the breast while the
picture is taken) were classified as not having

had a recommendation or a mammogram. On
the basis of the literature, we examined 12 self-
reported women’s characteristics that were po-
tentially related to physician recommendation,
including race/ethnicity plus 4 personal, 4
health, and 3 health care access characteristics
(Table 1).

Analysis

We used reduced monotonic regression
to categorize 4 variables that were continuous
or had multiple response categories.22 By re-
gressing each characteristic separately on physi-
cian recommendation and establishing cate-
gories that strictly increased or decreased the
proportion reporting physician recommenda-
tion, this method avoided the information loss
or marked overfitting often associated with
other approaches to categorizing variables. The
method grouped educational attainment, an-
nual family income, and the number of med-
ical visits in the past year into 3 categories and
the number of medications taken regularly into
2. After further analysis with a backward elim-
ination regression method, we reduced the an-
nual family income variable to 2 categories.
Because 439 women (23%) did not report an-

nual family income, we used multiple random
imputations for missing values.23 Multiple im-
putation permitted calculation of confidence
intervals (CIs) that accounted for uncertainty
caused by the imputation. Results from the
analysis using reported and imputed income
did not differ significantly.

Tocharacterize thewomenandobtainpop-
ulation estimates of physician recommenda-
tion in the 10 counties (Table 1), we weighted
sample data by county, race/ethnicity, and age.
Subsequent analyses were not weighted. We
used bivariate analyses (χ2, t tests) to examine
women’s characteristics associated with physi-
cian recommendation and race/ethnicity. We
then used multiple logistic regression models to
investigate racial/ethnic differences in physi-
cian recommendation by examining the effects
of controlling for various characteristics on the
odds ratio (OR) for race/ethnicity.Afinalmodel
controlling for all variables and the predicted
probabilities from that model were used to in-
vestigate women’s characteristics related to
physician recommendation.

In addition, we used generalized estimat-
ing equations to adjust for potential correla-
tion among respondents caused by having the
same physician or living in the same census
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TABLE 2—Physician Recommendation, by Study Sample Characteristics: North
Carolina Breast Cancer Screening Program, 1993–1994

Physician Recommendation
Na % Yesa

Personal
Age, y*

52–64 774 56
65–74 664 50
≥75 495 39

Race/ethnicity*
White 968 55
Black 965 45

Marital status*
Married 892 56
Not married 1038 45

Educational attainment*
Grades 1–8 509 35
Grades 9–11 479 48
≥High school 925 59

Annual family income, $*
≥12000 849 61
<12000 1061 41

Health
Personal history of breast problems*

Yes 313 71
No 1620 46

Family history of breast cancer
Yes 195 50
No 1738 50

No. of medications taken regularly*
≥1 1588 52
0 342 37

Ever requested a mammogram*
Yes 255 64
No 1678 48

Access
Has a regular physician*

Regular physician, obstetrician-gynecologist 65 83
Regular physician, not obstetrician-gynecologist 1676 52
No regular physician 183 17

Health insurance*
Has insurance 1736 51
No insurance 192 35

No. of medical visits in the past year*
≥4 1233 56
1–3 572 44
0 113 11

aUnweighted. N’s vary from those in Table 1 because of weighting.
*P≤ .001.

tract block. Because generalized estimating
equations and multiple logistic regression pa-
rameter estimates did not differ significantly,
we present estimates from the logistic regres-
sion models. All analyses were conducted with
the Statistical Analysis System, Version 6.12
(SAS Institute Inc, Cary, NC).

Results

Mammography Use and
Recommendation

Among women 52 years and older in
the 10 counties, 53% reported a physician
recommendation for mammography in the
past year, and 61% said that they had had a
mammogram in the past 2 years. Compared
with Black women, White women signifi-
cantly more often reported physician recom-
mendation (55% vs 45%; unadjusted OR=
1.49, 95% CI=1.24, 1.78) and mammogra-
phy use (66% vs 48%; unadjusted OR=2.13,
95% CI=1.77, 2.56). After all 12 personal,
health, and access characteristics were con-
trolled for, women reporting a physician rec-
ommendation in the past year were signifi-
cantly more likely to have had a mammogram
in the past 2 years (OR = 16.11, 95% CI =
12.37, 21.00).

Race/Ethnicity, Socioeconomic Status,
and Mammography Recommendation

Approximately one third of all the
women were Black, and about half reported in-
dicators of low SES (Table 1). Black women
significantly more often reported lower SES
(educational attainment, annual family in-
come). White women more often reported hav-
ing access to the medical care system (regu-
lar physician, health insurance, more medical
visits), as well as having a personal history of
breast problems or a family history of breast
cancer.

We used a series of logistic regression
models with physician recommendation as the
outcome to examine the effect of controlling for
women’s other characteristics on the odds ratio
for race/ethnicity. In the unadjusted model, the
odds ratio for race/ethnicity was 1.49 (95%
CI=1.24, 1.78), suggesting that White women
were more likely to report a physician recom-
mendation than were Black women. Control-
ling for educational attainment and annual fam-
ily income eliminated the racial/ethnic
difference (OR=1.05; 95% CI=0.86, 1.28).
Controlling for other characteristics (but not
for education and income) generally dimin-
ished but did not eliminate the racial/ethnic
difference (ORs=1.22–1.38).

Characteristics Related to Physician
Recommendation

Women reporting a physician recom-
mendation differed significantly on 11 of 12
characteristics from women who did not
(Table 2). After all characteristics were con-
trolled for simultaneously in a multiple logis-
tic regression model, 5 access and health char-
acteristics—having a regular physician
(especially an obstetrician-gynecologist), hav-
ing health insurance, making more medical
care visits, having a personal history of breast
problems, and taking 1 or more medications—
were positively associated with physician rec-

ommendation (Table 3). Three personal char-
acteristics indicating vulnerability—increas-
ing age, lower annual family income, and lower
educational attainment—were negatively as-
sociated with physician recommendation. Ever
having requested a mammogram tended to as-
sociate positively with recommendation.

Predicted Probabilities by Women’s
Characteristics

We used parameter estimates from the
final multiple logistic regression model to cal-
culate the predicted probability (expressed as
a percentage) of recommendation in 24
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TABLE 3—Characteristics Associated With Report of a Physician
Recommendation for Mammography in the Past Year, From Multiple
Logistic Regression Model: North Carolina Breast Cancer Screening
Program, 1993–1994

ORa 95% CI P

Personal
Age 0.97 0.96, 0.98 ≤.001
White race 0.94 0.75, 1.17 .56
Married 0.91 0.72, 1.15 .44
Educational attainment

Grades 1–8 0.56 0.42, 0.74 ≤ .001
Grades 9–11 0.79 0.61, 1.02 .07
≥High school 1.00

Annual family income ≥$12000 1.38 1.05, 1.81 .02

Health
Personal history of breast problems 1.88 1.41, 2.50 ≤.001
Family history of breast cancer 0.93 0.67, 1.29 .65
≥1 Medication taken regularly 1.36 1.02, 1.81 .04
Ever requested a mammogram 1.33 0.98, 1.80 .06

Access
Has a regular physician

Regular physician, obstetrician-gynecologist 12.83 5.73, 28.68 ≤.001
Regular physician, not obstetrician-gynecologist 3.32 2.15, 5.13 ≤.001
No regular physician 1.00

Has health insurance 1.59 1.11, 2.28 .01
No. of medical visits in the past year

≥4 5.76 2.97, 11.16 ≤.001
1–3 3.85 1.98, 7.47 ≤.001
0 1.00

Note. OR=odds ratio; CI=confidence interval.
aAdjusted for all other characteristics.

categories defined by combinations of women’s
SES, personal history of breast problems, hav-
ing a regular physician, and age. Lower SES in-
cluded women whose educational attainment
was 8 years or less and whose annual family in-
come was less than $12000. Higher SES in-
cluded women whose educational attainment
was high school or more and whose annual
family income was $12000 or more. Because
in the final model the effects of the 4 selected
characteristics were constant across a range of
values for the other characteristics, to simplify
presentation we calculated effects for women
who were White, were married, reported no
family history of breast cancer, took 1 or more
medications regularly, had health insurance,
made 4 or more medical visits in the past year,
did not have a regular physician who was an
obstetrician-gynecologist, and had never asked
a medical person about getting a mammogram.

Across the 24 categories, predicted prob-
abilities ranged almost 6-fold, from 14% (lower
SES, aged 75 years, no personal history of
breast problems, no regular physician) to 82%
(higher SES, 55 years old, history of personal
breast problems, regular physician). On aver-
age, moving from lower to higher SES in-
creased the probability of receiving a recom-
mendation by 20 percentage points (range=
15–22), whereas increasing age by 10 years

decreased the probability by 6 points (range=
4–7). Probabilities for women with a regular
physician were 27 points higher (range=22–29)
than those for women without one. Having a
personal history of breast problems increased
the probability of a physician recommendation
by 14 points (range=11–16).

Discussion

Across the 10 counties in rural, eastern
North Carolina, about half of the women sur-
veyed reported a physician recommendation
for mammography in the past year. Although
White women reported a recommendation sig-
nificantly more often than did Black women,
controlling for SES (education and income)
eliminated that initial racial/ethnic difference.
After all characteristics were controlled for,
physician recommendation was higher among
women who had access to or involvement with
the medical care system and was lower among
women who were vulnerable—older, lower in-
come, and lower educational attainment.

Although access to and involvement with
the medical care system was strongly and pos-
itively associated with report of a physician
recommendation, vulnerability, as indicated by
SES and age, had a greater effect on the rate of

physician recommendation in this population.
Only a minority of women reported indicators
of limited access (e.g., <10% had no regular
physician or no health insurance), whereas ap-
proximately half of the women reported indi-
cators of vulnerability (e.g., 54% were 65 years
and older; 52% had an annual family income
of less than $12000). SES also had a signifi-
cant effect on the racial/ethnic disparity in
physician recommendation. Approximately two
thirds of the Black women in this study re-
ported low educational attainment and family
income, compared with only one third of the
White women. Controlling for the racial/ethnic
differences in SES eliminated the apparent
racial/ethnic difference in recommendation.

Numerous studies have linked women’s
SES, cost, and other economic factors to lower
mammography use,4,24–28 but few have exam-
ined the relation between SES and physician
recommendation. Physicians may recommend
procedures to some patients less often because
of cost or perceived likelihood of noncompli-
ance.29 A study that videotaped simulated pa-
tients found that physicians were slightly less
likely to recommend cardiac catheterization to
Black women.30 Physicians also more often
perceived Black women as having low SES
and being less likely to comply with treatment,
although the differences between Black and
White women were small. In a study at 22 pri-
vate primary care clinics in Minnesota, how-
ever, patients of low and high SES reported
similar rates of physician recommendation for
mammography, although women of low SES
reported significantly less mammography use
than did women of high SES.31

Women in this study lived in 10 counties
whose total adult population in 1990 was 67%
rural, 37% minority, and 12% below the pov-
erty line. These results may not be applicable
to more urban, more affluent, or less diverse
communities. Because this study used self-
reported data, bias in women’s recall of physi-
cian recommendation may have affected study
results. Systematic underreporting of recom-
mendation by older women of lower SES
would overstate the negative effects of age, ed-
ucation, and income. Because older women of
lower SES report mammography use less often
than do most other groups of women, an as-
sociation between nonuse and failure to recall
recommendation also would overestimate the
negative effects of these characteristics on rec-
ommendation. Little is known about women’s
recall of physician recommendation. Although
women’s self-reports of mammography use
overstate actual use, they are reasonably accu-
rate for population-based studies, and accu-
racy does not differ significantly by age, race/
ethnicity, or SES.32–35

Among the 22% of the women in this
study who were 75 years and older, 39% re-
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ported a physician recommendation for mam-
mography. The appropriateness of breast can-
cer screening for this older age group of women
has not been established.36 Although this study
included a significant number of older women,
the negative effect of age on physician recom-
mendation was consistent across the full age
range.

Several studies have shown that women
whose physicians are female or obstetrician-
gynecologists are more likely to obtain mam-
mography than are other women.37–40 In this
study, women whose regular physician was an
obstetrician-gynecologist reported a physician
recommendation more often than did other
women, although fewer than 10% of the
women reported that their regular physician
was an obstetrician-gynecologist. Recom-
mendation likely varies by physician charac-
teristics and attitudes,41 but this analysis was
not able to consider physicians’characteristics
other than specialty. Women’s preferences for
mammography also may affect physician rec-
ommendation of the procedure, but this study
did not measure women’s preferences.

A wide variety of physician-directed in-
terventions have been effective in increasing
women’s use of mammography, presumably
via increased recommendation.42 Few studies,
however, have been conducted in vulnerable,
particularly low-income and rural, populations.
Increasing rates of appropriate physician rec-
ommendation is probably not sufficient to in-
crease mammography use by women in these
populations.

Low SES and economic barriers likely
affect mammography use via several path-
ways.43 Physicians’perceptions about the cost
of mammography, women’s inability to pay, or
women’s compliance may reduce the likeli-
hood of recommendation and, indirectly, the
likelihood of use. Women’s lack of resources,
combined with cultural or attitudinal barriers
and limited access to affordable mammography,
may directly reduce the likelihood of use, both
in the absence of a physician recommendation
and following one.44,45

Interventions to increase appropriate
physician recommendation must be accompa-
nied by complementary efforts that help
women overcome economic barriers to mam-
mography use. Interventions must also be ac-
companied by outreach efforts that prompt
women to obtain mammography, encourage
women to talk with their physicians about re-
ferral for mammography, and assist women in
overcoming barriers to compliance with physi-
cian recommendation for mammography.
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